Simultaneous and sequential transmission of multiple parasites, and their resultant overlapping chronic infections, are facts of life in many underdeveloped rural areas. These represent significant but often poorly-measured health and economic burdens for affected populations. For example, the chronic inflammatory process associated with long-term schistosomiasis contributes to anaemia and undernutrition, which, in turn, can lead to growth stunting, poor school performance, poor work productivity, and continued poverty. To date, most national and international programs aimed at parasite control have not considered the varied economic and ecological factors underlying multiparasite transmission, but some are beginning to provide a coordinated approach to control. In addition, interest is emerging in new studies for the re-evaluation and recalibration of the health burden of helminthic parasite infection. Their results should highlight the strong potential of integrated parasite control in efforts for poverty reduction.
INTRODUCTION
The problem of helminthic parasitism has not gone away. Fortunately, the issue is gaining renewed prominence in the discussions public health policy, a phenomenon that is based on several factors: First, there is increasing appreciation of the health and social burden of longterm chronic infections (Guerrant et al., 2002 , Reidpath et al., 2003 ; second, newer, more sensitive diagnostics indicate that concurrent polyparasitism is much more common than we previously thought , Raso et al., 2006b ; and third, new, inexpensive approaches are making parasite treatment and transmission control increasingly more accessible (Molyneux et al., 2005 , Fenwick, 2006 , Ottesen, 2006 .
Until recently, the conventional wisdom on helminth infections was that `light worm burdens remain asymptomatic'-implying (erroneously) that they do not provoke disease nor do they specifically require medical care (Warren, 1982 , Gryseels, 1989 . However, recent studies on the immunopathology of parasite infection and its chronic disease formation (Wamachi et al., 2004 , Coutinho et al., 2005 , Leenstra et al., 2006 , Coutinho et al., 2007 , indicate that it is the presence, as well as the intensity of infection, that drives morbidity due to chronic parasites such as Schistosoma spp. . Under-recognized, `subtle' morbidities such as caloric malnutrition, growth stunting,, anaemia, and poor school performance are all significant correlates of both helminthic and protozoan parasitic infections (Guyatt, 2000 , Coutinho et al., 2005 , Ezeamama et al., 2005 , Fernando et al., 2006 , Leenstra et al., 2006 .
Internationally, concern is developing that combined health effects of multiple concurrent parasite infections are the source, as well as the effect, of poverty ( Fig.1) (Sachs, 2005,Engels and Savioli, 2006) . Moreover, recent immunology research indicates that chronic parasitic infections can impair protective responses against many unrelated acute bacterial and viral infections, including impaired responses to childhood vaccines (Malhotra et al., 1999 ,Labeaud et al., 2009 ) and increased risk of mother-to-child HIV transmission (Gallagher et al., 2005 ,Secor, 2006 . Thus, the beneficial effects of the existing major international programs for HIV prevention and for expanded vaccination coverage are jeopardized by the existence of all-pervasive parasite burden in targeted areas. In sum, it is time to critically re-evaluate the aggregate health impact of chronic helminthic infections, and, in particular, their link to poverty formation.
THE POLICY CHALLENGE: DECISIONS BASED ON INACCURATE OR INCOMPLETE INFORMATION ON PREVALENCE
Although most experts are proponents of evidence-based decision-making, until recently, our policies regarding helminth control have often been based on flawed information about infection prevalence, particularly in countries where resources for gathering vital statistics are severely limited (Brooker et al., 2000 , van der Werf et al., 2003 , Steinmann et al., 2006 . Because of misclassification, there has also been continuing debate about how much morbidity can be attributed to any single parasite infection, given the complex reality that parasitic infections and their related disease syndromes frequently overlap in the most seriously affected areas (Murray and Lopez, 1996 , Chan, 1997 , Guyatt, 2000 . The very common syndrome of combined schistosomiasis and soil-transmitted helminth (STH) infection has only begun to be studied in a detailed fashion for its potential synergistic impact (Ezeamama et al., 2008) .
Many of our `gold-standard' field diagnostic tests are too insensitive for such research. That is, the standard tests routinely misdiagnose as `uninfected' those individuals who actually carry light infections (Wilson et al., 2006) . In the case of schistosomiasis, the Kato-Katz stool test used to detect and quantify intensity of intestinal schistosome infections is only 40% -60% sensitive when performed on a single stool specimen (de Vlas et al., 1993 , Carabin et al., 2005 . While this microscopic exam may variously detect eggs of hookworm, Ascaris, Trichuris, and other intestinal worms, it is not particularly sensitive for detection of hookworm, and will often miss the other STH species if their infection intensities happen to be light. As a result, this standard field screening approach will significantly misclassify (by underdiagnosis) the clinical burden of single and mixed parasite infection.
Inadequate testing for Schistosoma or STH results in misclassification bias that substantially reduces our power to detect numerically small, but clinically relevant infection-related differences in health outcomes, including anaemia (reductions in haemoglobin level), or stunting and chronic undernutrition (age-related height and weight deficits). Misdiagnosis, when combined with co-morbid conditions that are competing causes of disease (e.g., hookworm or malaria), effectively limits our appreciation of both the individual and the combined health impacts of common human parasitic infections.
For example, in 2007, the World Health Organization estimated 235 million cases of schistosomiasis worldwide, with 732 million people at risk for infection in known transmission areas (WHO, 2009 ). These often-quoted statistics are based on our standard but admittedly insensitive methods of field testing (Savioli et al., 1990 , de Vlas et al., 1993 , Brooker et al., 2000 , Chitsulo et al., 2000 , Carabin et al., 2005 , and therefore can only represent floor estimates for active and potential cases. If these WHO values are adjusted for the probable 40-60% of missed diagnoses (de Vlas et al., 1993 , Carabin et al., 2005 , Wilson et al., 2006 , the true number of active Schistosoma infections in 2007 was more likely between 391 and 587 million people worldwide.
At the same time, there has been a significant underestimation of the disability caused by schistosomiasis . Schistosomiasis causes both acute granulomatous injury as well as cumulative, long-lasting fibrotic injury to the human host's organs (Smith and Christie, 1986) . The net effect is that even after active infection is over, significant disease and disability still remain (Giboda and Bergquist, 1999) . It is appropriate, therefore, to consider all past and present Schistosoma infections as part of the ongoing disease burden of schistosomiasis (Jia et al., 2007) . If we consider the likelihood that 80-90% of people at risk (i.e., those residing in Schistosoma transmission areas) will experience infection during childhood or early adulthood, then 80-90% of the 732 million at risk, or 586 -659 million people are currently living with some form of the disease schistosomiasis. In effect, there are 2 to 3 times more people living with disease and disability caused by schistosomiasis than accounted for in previous disease burden estimates.
INACCURATE ESTIMATES OF SCHISTOSOMIASIS-RELATED DISABILITY
Past efforts to quantify the global burden of disease caused by schistosomiasis (Murray and Lopez, 1996, Michaud et al., 2004) have focused or on official estimates of incident or prevalent cases of active infection, and have neglected the life-time duration of chronic sequelae of infection (Giboda and Bergquist, 1999) . In many respects, Schistosoma infection can be seen as an acute communicable disease that transitions into a chronic, non-communicable disease in later life. Thus, Schistotoma infection could rightly be viewed as two health risks-as the immediate and concurrent cause of disease due to acute inflammation, and the dominant risk factor for non-communicable morbidity and disability in later adult life.
Unfortunately, previous efforts at quantifying the Schistosoma-related global burden of disease have focused primarily on schistosomiasis-specific mortality during active infection, and the more severe, but `pathognomonic' end-stage outcomes of Schistosoma infection in later life (Murray and Lopez, 1996 , van der Werf et al., 2003 , Michaud et al., 2004 . Furthermore, because of difficulties in determining attributable risk, they have intentionally ignored other recognizable (but more clinically subtle) sequelae of infection .
The currently employed schistosomiasis disability-adjusted life-year (DALY) estimates of the WHO/World Bank Global Burden of Disease (GBD) program were developed using a panelbased Person-Trade-Off method to assign a token 0.5% disability for `average' schistosomiasis. Subsequent calculations based on estimated prevalence and duration of disease resulted in an estimated 1.7 million DALYs lost due to Schistosoma infection in 2004 (WHO Disease and injury regional estimates, http://www.who.int/healthinfo/global_burden_disease/estimates_regional/en/index.htm) Today, using more realistic estimates of i) prevalence (see above section), ii) disability due to schistosomiasis (e.g., 2-15% , 10-19% (Finkelstein et al., 2008) , 9-25% (Jia et al., 2007) , or up to 2.4% (Michaud et al., 2004) ), and iii) new knowledge about the early onset of infection (median age = 3 to 4 yr, (Stothard and Gabrielli, 2007) and life-time persistence of irreversible components of Schistosoma-related disability (growth stunting, cognitive impairment, lost years of schooling (King et al., 2005, Giboda and Bergquist, 1999) , the schistosomiasis-related disease burden can be recalibrated (using calculations based on the standard GBD DALY formulae, including age-weighting and 3% time discounting (Murray and Lopez, 1996) ). Not surprisingly, a recalculation (using a conservative estimate of disability weight (2%), with an estimated 623-701 million 2004 cases affected from age 4 (median age of onset) throughout an expected 55 year developing country lifespan), yields a significantly much larger, but probably more realistic floor estimate of 13 to 15 million DALYs lost due to schistosomiasis worldwide in 2004. If the average schistosomiasis disability weight is taken as 5%, the DALY values are 25-28 million.
Much of disease due to schistosomiasis occurs several decades after the first incidence of Schistosoma infection in early childhood. If we remove time-preference discounting of future events from the standard DALY calculations, the present day values for current schistosomiasis burden are 24-29 million DALYs using a 2% average disability, and 49-56 million DALYs for a higher 5% estimate of disability. Although these values may seem remarkably high compared to previous DALY valuations for schistosomiasis (cf. the GBD estimates of 35 million DALYs lost to malaria, a more frequently lethal condition), these recalculated values for schistosomiasis primarily reflect inclusion of the more realistic assessment of infectionassociated disability, and the enduring impact of childhood Schistosoma infection throughout later adult life. This noteworthy increase in DALY estimates also denotes the inadequate job done by the 1996 GBD program in assessing the impact of parasitic diseases on individual health, and in gauging the magnitude and duration of infection-related chronic disease on a global scale (Bustinduy and King, 2009 ).
As Gwatkin, et al., (1999) have pointed out, disability due to communicable diseases remains the major disease burden in less-developed countries, and furthermore, this infection-related burden is fully preventable, and so continues to deserve priority in the global health agenda. In this regard, the recent policy trend to prioritize `non-communicable' over communicable diseases in developing countries (Jamison et al., 2006 ) is clearly mistaken-given the very large unacknowledged burden of infection-related chronic disease, it is premature to focus on what, in essence, are diseases of the developed world, while discounting and ignoring the existing major health burdens of developing countries. The shift in focus to non-communicable diseases, inspired by the plainly flawed DALY estimates for parasitic infections in the 1990s GBD program, appears to be a direct result of the GBD program's serious underestimation of perennial disability caused by non-lethal infectious diseases in poorer countries (King and Bertino, 2008) .
IMPLICATIONS FOR THE CURRENT RESEARCH AGENDA
Although subjectively, it is difficult to believe that any parasitic infection can be consonant with good health (Guyatt, 2000) , in past field surveys it has been difficult to clearly demonstrate objective findings of parasite-associated morbidity, disease, or economic impact (Gryseels, 1989 , Tanner, 1989 , Guyatt, 2000 . In fact, many the previous field surveys that are cited in policymaking were statistically underpowered in terms of sample size for the purpose of measuring numerically small, but clinically significant effects in nutrition, work performance, and anaemia outcomes. Nonetheless, the failure to show a statistically significant effect is not the same as the absence of a significant effect.
What disease associations might we expect to see in large-scale studies? In a recent metaanalysis of 135 available research reports on disability-related outcomes in schistosomiasis it was observed that, summing across all studies, schistosomiasis is significantly associated with symptoms of diarrhea, pain, and fatigue, as well as the objective findings of hemoglobin deficit, undernutrition, and reduced exercise tolerance . Such findings, along with ongoing health burden re-assessments for hookworm and filariasis (Engels and Savioli, 2006) , indicate a need to carefully re-examine the impact of single and multiple parasitic infections on all human spheres of performance.
As an example of chronic parasitic worm infection, current evidence suggests that schistosomiasis, although rarely lethal, has significant impact on multiple dimensions of human performance both during childhood and later adult life (Jia et al., 2007, King and DangerfieldCha, 2008) . Studies of physical and intellectual function indicate significant schistosomiasisassociated reductions in physical fitness and spontaneous activity among children (Kvalsvig, 1981 , Latham et al., 1990 , and reduced `bonus' earnings from manual labor among adults (Fenwick and Figenschou, 1972, Parker, 1992) . Linear growth and nutritional is impaired, resulting in stunting and underweight status among infected children (Stephenson et al., 1989 , Parraga et al., 1996 , Assis et al., 2004 , Coutinho et al., 2006 . Short stature, in particular, has been repeatedly associated with lower earning capacity in manual and other labor, even after adjusting for school attainment (Strauss and Thomas, 1998, Florencio et al., 2008) . School attendance has been affected in areas of high Schistosoma transmission (de Clercq et al., 1998) , and poor performance on standardized intelligence and achievement tests has also been associated with schistosomiasis, even after adjustment for other concurrent parasitic infections (Nazel et al., 1999 , Nokes et al., 1999 , Jukes et al., 2002 , Ezeamama et al., 2005 . Symptoms of chronic schistosomiasis persist into adulthood, and include pain, diarrhea, dypareunia, and dysuria. The most severe, late consequences of Schistosoma infection are rare (< 1%), but include significant recurrent GI bleeding, renal dysfunction, bladder outlet obstruction, bladder cancer, painful intercourse and secondary infertility or loss of fecundity (Ndhlovu et al., 2007 , Kjetland et al., 2008 .
While these latter, more directly-related, `classic' forms of disease may seem rare and consequently of negligible public health impact, it is the less well-defined, negative impact of Schistosoma infection on physical and intellectual performance that probably has the most telling effect on the human capital of endemic communities. Indirect effects (`externalities') of infection, resulting in poor school performance and limited job performance, doubtless hurt the overall development of local economies, and reversing these effects through mass treatment may provide the greatest utility in terms of economic impact in affected areas (Miguel and Kremer, 2004) .
In subsistence economies, it is not true that persons without cash income are merely `surplus labor'. In such resource-limited settings, every family member has to work in the non-cash sector in order to continue to survive (King and Bertino, 2008) . Unfortunately, there may be a trade-off between such non-cash `earning' versus schooling that is not readily captured in standard economic analyses (Jacoby and Skoufias, 1997) . Similarly, losses in productivity, reflected in reduced food production, are not readily captured in the regional and national balance sheets if the goods do not flow through the market economy. As a result the 2-24% disability that is associated with schistosomiasis (as taken from the patient's perspective) is easily missed in routine economic assessments.
For this reason, evaluation of loss of human capital due to parasitic diseases may be the more appropriate metric of disability in poverty settings. In addition, the human capital approach is more consonant with the WHO definition of health as given in the Declaration of Human Rights 1 (WHO, 1946) . The developmental transition from subsistence to cash economies requires both intellectual and physical skills that favor higher productivity (Collier, 2007) . If these are impaired by chronic infection, it is unlikely that the individual, his or her family, or the local community will be able to jump this divide. The impact of poor health on individuallevel and community-level poverty and on individual and household cash and non-cash earnings are most fitting topics for the current research agenda, and should have priority among developmental and health policy agencies. In particular, the potentially synergistic effects of combined anti-parasite control (e.g., Preventive Chemotherapy (WHO, 2006)) need to be fully evaluated.
Based on the analysis of currently available evidence, newer studies will need to involve larger cohorts, more sophisticated testing, and multi-level outcomes analysis (Raso et al., 2006a , Brooker, 2007 . New, more sensitive diagnostic techniques will need to refine estimates of infection prevalence , Wilson et al., 2006 , which will, in turn, significantly alter our measures of attributable pathology due to chronic parasitic infection. This new evidence will undoubtedly lead to a re-evaluation in thinking about the utility of preventive vs. curative strategies for parasitic diseases. It is encouraging to see that, in recent years, studies of sufficient size and complexity are now examining the interacting roles of individual and household socioeconomic status, nutritional intake, and co-existing parasitic infections in risk for such disability-related health outcomes (Parraga et al., 1996 , Assis et al., 1998 , Bethony et al., 2001 ).
THE CHALLENGE OF POLYPARASITISM AND POVERTY
Although the empiric phenomenon of the `wormy village' has long been recognized (Ashford et al., 1993) , advances in diagnostic technology are now revealing that in endemic areas overlapping chronic parasitic infection with Schistosoma spp. (Wilson et al., 2006) , Plasmodia spp. , and filaria (Michael et al., 2001 ) is substantially more common than previously thought.
Where multiple causative pathogens co-exist within the same person, how do we attribute the morbidity-related outcomes? This is a difficult problem. One operational approach is to approach polyparasitism as a clinical syndrome per se, screen communities for all types of helminths, and provide combination treatment for all individuals, assuming that chances of exposure and infection are inevitably high for all local residents (WHO, 2006) . In the near future, we expect there will be a better scientific appreciation of the attributable morbidity due to each co-infecting pathogen, and the possible synergistic interaction of multiple infections (Ezeamama et al., 2008) , such that control efforts may be most appropriately linked and then retargeted as the individual parasites' prevalences decline over time.
REASSESS THE TOTAL BURDEN OF CHRONIC PARASITIC INFECTIONS
Why should we pay attention to chronic parasitic infections, if they are mostly `minimally' disabling and non-lethal? The answer comes from the typical context of infection, i.e., that of severe rural poverty. Although our Global Burden of Disease assessments have gone to great lengths to remove location or social context from the disability estimates for all diseases (Murray and Lopez, 1996) , it is an inescapable fact that small deficits in performance status have a strong, asymmetric leverage on household productivity in the face of severe poverty. In the setting of the `poverty trap' (Fig. 2) where the household, on average, must invest its entire human and physical capital each year simply to break even and survive (Sachs, 2005) , a 2-5% disability can have a telling effect on income and food production. This non-linear effect is not unique to developing countries. It was eloquently described among impoverished rural tenant farmers in the U.S. over 70 years ago (Agee and Evans, 1941) . This aspect of disability means that standard economic models of disease burden do not readily apply in the settings where most parasitic disease transmission occurs. As has been previously demonstrated for malaria (Sachs, 2005) , there is a strong overlap between the worldwide distribution of extreme poverty and the distribution of schistosomiasis (Fig. 3) and most other chronic/recurrent helminthic diseases.
Field experience in Kenya (Satayathum et al., 2006) , and recent network simulation studies (Gurarie and King, 2005) indicate that parasite transmission is often unaffected by standard drug-based treatment programs that do not account for embedded village-level factors (heterogeneities in distribution of infection) and intervillage links at shared transmission foci. Both abiotic and biotic landscape features , Clennon et al., 2006a , along with human movement and social factors associated with water use (White et al., 1972 , el Kholy et al., 1989 , appear to contribute to the evolution of the complex pattern of infection prevalence in these communities (Fig.4) . We have also examined the impact of individual and household wealth factors on exposure to S. haematobium and among rural villagers (Van Dyke, 2006) . Results indicate that low SES may be associated with contact with fewer transmission sites, but a significantly higher age-adjusted risk of acquiring infection because of restrictions in choice among water sources.
IMPLICATIONS FOR CONTROL-A NEW FOCUS ON TRANSMISSION
Although current large-scale drug treatment can significantly reduce schistosome infectious burden (measured as egg output) in participating communities, (King et al., 1988) , parasite transmission may, nevertheless, continue unaffected because of several different factors (Muchiri et al., 1996 , Satayathum et al., 2006 . Therefore, alternative and complementary strategies (Table1) need to be considered.
Schistosome transmission is often a periodic, inhomogeneous process in which any single untreated individual can contaminate a water site and convert it to a high risk transmission zone for a period of several months. In practice, drug-based control programs experience a high rate of absenteeism, (Hussein et al., 1996) and any persistent, untreated infectious burden in the community-at-large can maintain local contamination of water bodies and ensure perpetuation of transmission (King et al., 1991 , Talaat et al., 1999 . In effect, the process of local transmission is often saturated, and egg contamination must be significantly reduced before it declines (Wang et al., 2009) . A single, brief exposure to cercariae-infested water is sufficient to effect transmission (CDC, 1983 , Vercruysse et al., 1994 , even where the number of shedding snails is low (Mubila and Rollinson, 2002) . Additionally, networked usage of water sites across villages serves to entrench local transmission risk when control implementation is staggered by location (i.e., where there are lags in treatment over time and space (Woolhouse et al., 1998 , Gurarie and King, 2005 , Liang et al., 2006 , Gurarie and Seto, 2009 ). Under the pressure of mass treatment, 30-50% of the snails in community water contact sites still remain infected with S. haematobium, as determined in PCR studies . Spatial analysis , Clennon et al., 2006b shows there is a strong relation between proximity to high-risk water bodies (those that support large infected snail populations) and high household-level infection risk.
These data, combined with the experience of other programs (Crossland, 1963 , Jordan, 1985 , Liang et al., 2006 , Steinmann et al., 2006 , Gurarie and Seto, 2009 , suggest the importance of water-site factors in maintaining transmission risk. They also indicate the potential diseasepreventing leverage of transmission control measures when implemented at specific, high-risk locations (Woolhouse et al., 1998) . There is no universal prescription for snail treatment or other forms of transmission control, as patterns of exposure may vary significantly from region to region, and among different ecosystems in Africa, Asia, and the Americas. Health education is an extremely important part of advocacy in any program, and will be an essential part of any successful elimination program-in essence, there must be a significant societal change in patterns of water use and sanitation, and these, combined with provision of alternative safe water sites could have a significantly leveraged effect on transmission and have a long-term cumulative impact on local disease burden. However, health education given alone may have only a minimal impact on transmission, due to remaining limitations in choices for safe water use (White et al., 1972, Bruun and Aagaard-Hansen, 2008) .
A variety of snail control measures have been proven and are available to implement, but at present, these are rarely used in schistosomiasis control programs due to cost. The approaches to snail control including habitat modification, modification of human water-use, and waterrelated infrastructure development to provide clean water for all activities (Jordan, 1985) . The best studied among these interventions is snail control by mollusciciding. Typically, this technique uses wettable niclosamide powder (Bayluscide), which is a safe and effective, US EPA-approved molluscicide. Experience from the 1950s-1970s in St. Lucia (Jordan, 1985) , Japan (Ohmae et al., 2003) , China (Utzinger et al., 2005) , the Philippines (Ohmae et al., 2003) , and Iraq (Baquir, 1974) indicates that schistosomiasis transmission can indeed be interrupted in high-risk communities by implementing significant changes in snail abundance and/or water use. Although the cost of mollusciciding material is presently high due to its limited use, ecological modelling indicates that it can be given in a highly focused manner, taking advantage of the known heterogeneities of transmission (Woolhouse et al., 1997 , Woolhouse et al., 1998 . Given strongly leveraged effects and economies of scale, as well as a greater appreciation of the health burden of schistosomiasis, snail control, integrated with drug-treatment should prove to be most efficacious in preventing and controlling schistosomiasis infection and disease. Additional, coordinated integration with sanitation efforts and anti-parasite treatment for other parasites will substantially strengthen the local health impact of these efforts.
OUTLOOK FOR THE NEXT DECADE
The link between schistosomiasis and poverty now appears evident, though causation is likely to be bidirectional (Fig. 1) . Schistosomiasis caused a disabling state of chronic ill-health that impairs human capital, while local poverty fosters schistosomiasis transmission by enforcing exposure to contaminated water, limiting access to health care resources, and reducing resources to decrease transmission. While some may argue that structural social and governmental factors may be the proximate cause of both schistosomiasis and local poverty, the body of evidence, cited above, points to a direct interaction of parasites and poverty. That said, the complexity of the problem may require a more complex medical, governmental, and eco-social combined intervention (Craig et al., 2008) in order to permanently alter the status quo.
Single interventions, such as annual drug delivery for morbidity control, will not likely alter transmission (Table 1) , and will thus be unable to gain the full direct and indirect benefits of schistosomiasis elimination (Miguel and Kremer, 2004) . Additional steps taken toward schistosomiasis elimination (water supply, sanitation, health education) will have significant incremental costs, but will likely yield indirect beneficial `side effects' (beyond increases in human capital) that can provide the impetus for a virtuous cycle of local development. A broader consideration of community benefits (including the possible local elimination of schistosomiasis) should make more aggressive levels of intervention economically attractive.
Integrated pest management' (IPM) is already a mainstay of control for agricultural pathogens and is becoming part of our approach to malaria control; based on new environmental knowledge and analytic systems, IPM lessons can be applied to provide economical human parasite control, even in limited-resource settings. Current large-scale, population-based schistosomiasis treatment programs are a first step to reducing the global burden of Schistosoma-related disease, yet, as we have noted, such programs may not significantly alter parasite transmission in high-risk areas. Consequently, the sustainability of these programs' initial benefits remains in doubt, as recurring low-level reinfection can be associated with persistent morbidity such as anaemia, undernutrition, and diminished performance status , and treatment may need to continue for many decades to maintain disease control.
From a public health standpoint, the significant benefits of comprehensive helminth control, including transmission control, need to be reconsidered, and new thought given to more aggressive (and ultimately more affordable) parasite eradication strategies (Sachs, 2005 . Novel molecular tools for rapid, sensitive transmission monitoring will enable much more informative surveillance of schistosome propagation over extended areas. With this knowledge, effective integration of transmission control can be used to optimize the design of the next generation of schistosomiasis morbidity control and prevention programs, and tailor intervention strategies to specific locales.
In a real sense, the ongoing presence of schistosomiasis in developing communities represents a silent `disability tax' on every local inhabitant. The low-level but persistent daily disability associated with Schistosoma infection means that those who are affected may never reach their full potential for healthy development or productivity . In endemic areas, nearly 100% of local residents will become infected at some point during their lives, and will be at risk for schistosomiasis-associated disease. Schistosomiasis is likely to be both a cause and an effect of continuing rural poverty in these areas. Truly effective control will require broad-reaching, multi-decade commitment towards reduction and prevention of Schistosoma transmission . In consonance with the Millennium Development Goals, we see the need for adequate and appropriately managed investment in snail control, safe water supply, sanitation, and health education in order to effectively reduce (and then eliminate) the very significant global burden of disease due to schistosomiasis and other helminthic parasites. Proposed vicious cycle of schistosomiasis in the presence of poverty. Left arrow--Poverty reduces water use options and increases risk of infection, while also influencing personal adaptation and coping for disease syndromes caused by infection. Right arrow--Increased disability, related to the impact of chronic and recurrent infection, reduces productivity and perpetuates poverty. Features of the rural poverty trap, in which all of the household's capital must be invested each year in order to survive. On average each year, the family just breaks even. Because of continued depreciation of physical capital (tools, soil quality, etc.) and increasing family numbers, per capita income tends to fall each year. Environmental features and human behaviour strongly tie Schistosoma transmission to certain locales, and embed the disease caused by infection into the pattern of rural life.
